Objectives: Studies have emphasized the importance of normal fibrinogen concentrations in surgical patients. The primary hypothesis of this study was that fibrinogen levels significantly decrease in on-pump coronary artery bypass graft (CABG) surgery versus off-pump coronary artery bypass graft (OPCAB) surgery. The second objective was to show that ROTEM (TEM International, GmbH, Munich, Germany) rapidly detects these abnormalities compared with standard tests.
D
ESPITE MAJOR ADVANCES in cardiac surgery and cardiopulmonary bypass (CPB), patients undergoing cardiac surgery belong to the subgroup requiring most of the blood bank resources. 1 This is particularly the case in complex cardiac surgery. The transfusion rate in noncomplex cardiac surgery should be low. However, this depends on the incidence of preoperative anemia and dual antiplatelet therapy. Therefore, the fast detection of any coagulation abnormalities and proper treatment are necessary to limit perioperative bleeding and avoid unnecessary transfusion.
The European guidelines for the management of trauma patients recommend fibrinogen concentrations around 150 to 200 mg/dL. 2 However, increased bleeding has been observed in surgical patients with fibrinogen concentrations exceeding this latter threshold. 3, 4 Furthermore, in bleeding cases in which crystalloids and colloids have been used to maintain normal blood volume, fibrinogen has been found to be the first coagulation factor to decrease to critically low values. 5 The authors prospectively studied a large group of patients undergoing first-time coronary artery bypass graft (CABG) surgery with or without CPB. The first aim of the study was to show that CPB significantly reduced plasma fibrinogen levels in the on-pump group (CABG) compared with the off-pump coronary artery bypass (OPCAB) group. The second objective was to show that the point-of-care whole-blood coagulation test ROTEM (TEM International, GmbH, Munich, Germany) can detect these abnormalities very soon compared with standard coagulation tests. Patients older than 18 years undergoing CABG surgery with or without CPB between January 2009 and November 2009 were considered for the study. Exclusion criteria were the following: emergency surgery, redo and/or combined surgery, a history of coagulation disorders, preoperative renal dysfunction (serum creatinine Ͼ2.0 mg/dL), or preoperative impaired liver function (aspartate and/or alanine aminotransferase Ͼ 30 U/L). Patients with a history of autoimmune disease and malignancy were excluded as well. Two senior surgeons familiar with both techniques were in charge of the surgery. The decision to perform on-or off-pump surgery was left to the discretion of the surgeon. Because OPCAB surgery has gained much interest and is the technique of choice in the authors' institution, there were more patients in the OPCAB group.
METHODS
All the patients underwent median sternotomy. Patients in the CABG group underwent normothermic CPB at a standardized continuous nonpulsatile flow of 2.2 to 2.4 L/min/m 2 . The CPB circuit was primed with 1,000 mL of Ringer's acetate solution (Plasmalyte; Baxter, SA Lessines, Belgium), 500 mL of hydroxyethyl starch solution (Voluven, Fresenius Kabi, Belgium), 5,000 U of heparin, and 0.5 g/kg of mannitol. Myocardial protection was achieved by the induction of electromechanical arrest with warm blood enriched with potassium chloride and magnesium sulfate.
Heparinization aimed to maintain the kaolin-activated coagulation time (HR-ACT; Medtronic Inc, Minneapolis, MN) above 400 seconds before venous cannulation and during the whole CPB time. In patients undergoing OPCAB surgery, heparin was administered to obtain a perioperative ACT of Ͼ300 seconds. Subjects undergoing OPCAB surgery were kept warm by the intraoperative administration of warm fluids. Complete revascularization was achieved in both groups. After the completion of anastomoses, protamine sulfate (1,400 antiheparin IU/mL; Leo Pharma, Dublin, Ireland) was administered at a dose to achieve near preoperative ACT values.
Anesthesia was induced with midazolam, sufentanil, and propofol and continued with either propofol or sevoflurane. Muscle relaxation was achieved with rocuronium. All patients received cefamandole as antibiotic prophylaxis. In all patients, tranexamic acid was administered at a dose of 15 to 20 mg/kg before the incision. In patients undergoing surgery with CPB, the same dose was administered in the CPB prime. The intra-and postoperative intravascular volume replacement were left to the discretion of the physician in charge of the patient and were performed with crystalloids (Plasmalyte), hydroxyethyl starch solutions (Voluven at a maximal dose of 30 mL/kg) or gelatins (Gelofusine; Fresenius Kabi, Schelle, Belgium), and salvaged blood from cell saver devices. The red blood cell transfusion trigger was a hemoglobin concentration of 6.5 g/dL on CPB and 7.5 g/dL off bypass unless signs of poor tolerance developed. The transfusion of non-red blood cell components and fibrinogen concentrate was performed only if clinical bleeding (200 mL/h over 2 consecutive) was present in conjunction with abnormal point-of-care coagulation tests. Clinical bleeding also was diagnosed if the surgeons could not visualize clots in the surgical field after protamine injection.
Whole blood drawn from a radial artery was collected in tubes containing trisodium citrate and was sent to the laboratory via a pneumatic system for the routine laboratory tests. Fibrinogen was measured according to the Clauss system. Blood samples were obtained at 5 time points: before the induction of anesthesia (T0), after the first dose heparin injection (T1), 15 minutes after protamine injection (T2), upon intensive care unit (ICU) arrival (T3), and 4 hours postoperatively (T4). Blood samples for the blood cell count, routine coagulation analysis, and ROTEM were performed at each time point. At T0, blood also was drawn for an anti-Xa assay and point-of-care whole-blood impedance platelet aggregometry (Multiplate; Verum Diagnostica GmbH, Munich, Germany). For ROTEM, the authors investigated 2 activated tests: the EXTEM and the FIBTEM. They were performed with 300 L of citrated blood and 20 L of 0.2 mol/L calcium chloride with rabbit brain thromboplastin as an activator with the EXTEM test and cytochalasin D as an activator with the FIBTEM test. The ROTEM parameters measured included the coagulation time (CT), clot formation time (CFT), maximal clot firmness (MCF), and maximum of lysis (ML) for the EXTEM test and MCF for the FIBTEM test. The normal values were consistent with previously published data. 6 The tubes were brought manually to the blood bank where the ROTEM analysis was performed by specialized personnel. The physicians in charge of the patients were able to interpret the ROTEM results.
For the Multiplate test, the following agonists were used: the adenosine diphosphate (ADP) test, the arachidonic acid (ASPI) test, and the thrombin receptor-activating peptide (TRAP) test. To limit the number of blood analyses and because the authors focused on immediate postoperative coagulation abnormalities, all the patients were followed until 4 hours postoperatively, at which time the last laboratory tests were performed for the purposes of the study.
A previous observation of the patients undergoing CABG surgery with CPB revealed mean 4-hour postoperative fibrinogen concentrations of 200 Ϯ 56 mg/dL (unpublished data). The primary goal was to show a fibrinogen difference of 50 mg/dL between the CABG and the OPCAB groups. For a power of 0.8 and an ␣ of 0.05, 40 patients were required in each group. The authors decided to include at least 100 consecutive patients. All the data are expressed as mean Ϯ standard deviation, median and interquartile range, or numbers and percentages as appropriate. Dichotomous parameters were analyzed using the Fisher exact test. All the variables were tested for normal distribution using the Kolmogorov-Smirnov test. A Student t test was used for data with a normal distribution. Continuous nonparametric data were analyzed with the MannWhitney U rank sum test with Bonferroni post hoc analysis. A Friedman analysis of variance test was used for nonparametric paired data with the time as the within factor and the group as the between factor. A linear regression analysis with the Pearson correlation coefficient was computed to analyze the correlation between continuous data. Statistical analysis was performed using Statistica (Data Analysis Software System, 2004) version 7 (StatSoft, Tulsa, OK). Statistical significance was accepted when p was Ͻ0.05. All p values were 2 tailed. Figure 1 shows the study flow. A total of 104 patients were included, with 42 patients undergoing CABG surgery with CPB and 62 undergoing OPCAB surgery. Table 1 shows the preoperative demographic data. Table 2 displays the preoperative medications. Forty patients (95%) in the CABG group and 55 patients (89%) in the OPCAB arm took a daily dose of aspirin. Among these subjects, 25% and 16%, respectively, in the CABG and OPCAB groups had stopped their preoperative aspirin. The mean duration of the cessation was 6 days. Eight patients in the CABG group and 15 patients in the OPCAB group took a daily dose of 75 mg of clopidogrel, which was stopped in each of them at least 5 days preoperatively. According to the institutional guidelines, the last dose of low-molecular-weight heparin was injected the evening before the surgery. In the CABG group, the mean duration of the CPB time and the aortic cross-clamp time were 102 Ϯ 35 and 73 Ϯ 35 minutes, respectively. The mean volume used for the CPB (priming included) consisted of Voluven (832 Ϯ 449 mL), Plasmalyte (828 Ϯ 283 mL), and Gelofusine (186 Ϯ 358 mL). There was no significant difference in the number of arterial grafts (p ϭ 0.53) and venous grafts (p ϭ 0.13) between both groups. The number of distal anastomoses was significantly higher in the CABG group (p ϭ 0.008). The amount of cell saver was significantly higher in the CABG group. It should be noted that in all the patients undergoing cardiac surgery with CPB, the blood remaining in the bypass machine was salvaged at the end of the surgery and administered at the skin closure.
RESULTS
The results of perioperative coagulation tests are shown in Table 3 . Patients in the CABG group showed significantly more disturbed coagulation tests after protamine injection and in the immediate postoperative period compared with the OPCAB group. This was confirmed by the EXTEM results shown in Table 4 . The prolongation of the coagulation time in EXTEM reached statistical significance, and this prolongation resulted in a therapeutic intervention in case of ongoing bleeding. The main finding of this study was that among the routine coagulation tests, the plasma fibrinogen concentrations were significantly lower in the CABG group compared with the OPCAB group after protamine injection (ie, 170 Ϯ 44 mg/dL; 95% confidence interval [CI], 156-184 v 243 Ϯ 73 mg/dL; 95% CI, 223-262; p Ͻ 0.001) and upon ICU arrival (179 Ϯ 42 mg/dL; 95% CI, 167-193 v 232 Ϯ 68 mg/dL; 95% CI, 215-249; p Ͻ 0.001; Table 3 ). Concomitant with these results, the FIBTEM MCF values also were disturbed significantly in the CABG group versus the OPCAB group (Fig 2) . After heparin reversal, the MCF values of the FIBTEM test in the CABG group were 9 Ϯ 4 mm (95% CI, 8-11) versus 14 Ϯ 5 mm (95% CI, 12-15) in the OPCAB group (p Ͻ 0.001). Upon ICU arrival, the CABG group showed FIBTEM-related MCF values of 9 Ϯ 4 mm (95% CI, 7-10) versus 13 Ϯ 6 mm (95% CI, [11] [12] [13] [14] in the OPCAB arm (p Ͻ 0.001). The delta decrease in FIBTEM MCF values between T2 and T0 and between T3 and T0 were significantly higher in the CABG group compared with the OPCAB group (p ϭ 0.004 and p Ͻ 0.001, respectively). Although the serum fibrinogen concentrations were above the trigger values of 100 mg/dL, the authors administered human fibrinogen concentrate to stop bleeding in 5 patients in the CABG group (Table 5 ). This decision was based on the pathologic FIBTEM results. Two patients who received human fibrinogen concentrate also received fresh frozen plasma based on the pathologic ROTEM results. None of the patients in the OPCAB group required fibrinogen concentrate.
The CABG group showed significantly lower platelet numbers upon ICU arrival. This was confirmed again by the results of the EXTEM test, which were more pathologic in the CABG group. Significantly more patients in the CABG group also required transfusion of platelets based on the EXTEM results. The administration of blood products mainly was performed in the operating room. It should be noted that the results of the Multiplate realized at baseline did not show any significant differences between groups. In the CABG group, 48%, 74%, and 38% had abnormal ADP, ASPI, and TRAP test results, respectively. In the OPCAB arm, 48%, 77%, and 37% showed abnormal ADP, ASPI, and TRAP test results, respectively. There was no correlation between the baseline Multiplate tests and the transfusion requirements. The Multiplate test was only performed at baseline; therefore, the platelet function was not evaluated after CPB to predict the need for platelet transfusion. No correlation could be observed between the duration of CPB and the decrease in FIBTEM MCF values. The authors did not find any correlation between FIBTEM MCF values and the transfusion of blood products. Interestingly, immediate postoperative bleeding was not significantly different between the 2 groups as shown in Table 5 . One patient in each group needed revision for bleeding. The bleeding was revealed to be of a surgical origin in both patients.
DISCUSSION
The main finding of this study was that compared with the OPCAB group, CPB significantly decreased plasma fibrinogen levels although other coagulation tests also showed some abnormalities. The decrease in plasma fibrinogen levels was significant after the protamine injection and upon ICU arrival. The authors were able to treat hemostasis perturbations within 4 hours postoperatively. These observations agreed with previous studies in which fibrinogen was the first coagulation test to decline after major surgery. 5 This was mainly because of the hemodilution of CPB and blood loss. 7 The present findings also confirmed the widely accepted concept that CPB may result in impaired coagulation. The results of this study are in line with the available data showing the impact of OPCAB on transfusion requirements and/or postoperative bleeding. 8, 9 The decrease in coagulation parameters was confirmed by the EXTEM and FIBTEM tests. Interestingly, the low fibrinogen concentrations in the CABG group, which still exceeded the trigger value of 100 mg/dL, corresponded to the pathologic FIBTEM results. As expected, the EXTEM and FIBTEM results were both significantly more pathologic in the CABG group. It should be noted that the baseline fibrin- 
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ogen levels of patients in the CABG group were lower than the OPCAB group although they were not significantly different (p ϭ 0.06). Previous studies in cardiac surgery have shown an inverse relationship between preoperative plasma fibrinogen levels and postoperative bleeding. 3, 10 This was not the case in the present study because the coagulation abnormalities were corrected very rapidly. By contrast, the delta decrease in FIBTEM compared with baseline was higher in the CABG group versus the OPCAB group. This shows that the relative decrease in fibrinogen concentrations might be an important factor as well.
The second important observation of this study was that, based on the ROTEM results, 6 the authors were able to detect the coagulation abnormalities within 20 minutes and substitute the necessary coagulation factors. The FIBTEM results were particularly helpful in the decision to administer fibrinogen concentrate. Five bleeding patients in the CABG group received 1 g of lyophilized fibrinogen concentrate each, after which the bleeding was stopped. These results highlight the importance of high normal fibrinogen concentrations in the maintenance of normal hemostasis. Indeed, in recent years, much attention has been focused on the critical role of fibrinogen in the coagulation cascade. 11, 12 Therefore, numerous studies in cardiac surgery have been conducted, aiming to prevent bleeding by transfusing high doses of fibrinogen concentrate. [13] [14] [15] However, the dose of fibrinogen concentrate administered in this study was much lower than that in the studies of Rahe-Meyer et al. 13, 14 The present authors administered fibrin- An important point to be considered is that there was no significant difference in the postoperative bleeding of the groups during the first 4 hours after arrival in the ICU. The authors believe this was the result of fast and rational transfusion of the necessary coagulation factors. Although in several countries the use of blood products is predominant for cardiovascular surgery, 1 there is a wide variation regarding the blood conservation and transfusion policy in this field. 16 A rational hemostatic therapy guided by point-of-care testing seems mandatory in cardiac surgery. In a very recent retrospective study, the use of point-of-care testing was associated with a decreased incidence of blood transfusion and thrombotic/thromboembolic events. 17 Although the primary endpoint of the present study was not the incidence of intraoperative allogeneic blood transfusion and it was not designed to compare a ROTEM-guided transfusion group with a control group, the authors believe that unnecessary re-exploration and major postoperative bleeding were avoided by the fast administration of adequate coagulation factors. These results are in line with other studies showing the benefits of ROTEM-guided transfusion policy in the management of patients at high risk of transfusion. [18] [19] [20] [21] This was a nonrandomized prospective study. The main aim of this study was to underline the importance of fibrinogen levels in achieving hemostasis and, in particular, in surgery with CPB. However, no bias could be excluded because the decision in terms of type of surgery was only made by the surgeon. Another important point to consider is that the physicians in charge of the patients were not blinded to the ROTEM results. Hence, a prospective, randomized, double-blind study should be encouraged to further prove the superiority of ROTEM compared with traditional coagulation tests in cardiac surgery. The nonblinded aspect of this study was also the reason why the authors could not find a correlation between FIBTEM MCF results and the transfusion requirements because these values already were used to guide the therapy with fibrinogen concentrate. It would be interesting to investigate whether there was a correlation between ROTEM values and blood loss before any correction with fibrinogen. It should be noted that the "classic" transfusion algorithm was not followed in 5 patients in the CABG group with respect to the administration of human fibrinogen concentrate because the serum fibrinogen concentrations were above the trigger value of 100 mg/dL. Finally, this study was stopped at 4 hours postoperatively. Therefore, the recovery of coagulation tests after 24 hours has not been investigated.
In summary, the results of this study showed the detrimental effects of CPB on the coagulation parameters and, in particular, the fibrinogen concentrations. Point-of-care tests are helpful in the early detection of these abnormalities. This will guide physicians in the administration of the required transfusion products. 
